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ABSTRACT: The incidence and severity of acute 
respiratory disease was studied in families in three New York 
communities with different ambient levels of SO 2 and^ particulate 
air pollution. Upper, lower, and total respiratory disease rates 
in fathers, mothers, and school children tended to be higher in 
the communities with higher pollution levels. Similar higher rates, 
however, were not observed among preschool children. Regression 
analyses were used to adjust rates for socioeconomic status, 
parental smoking, chronic bronchitis in parents, and possible indoor 
pollution resulting from the use of a gas stove for cooking. After 
these adjustments the community differences were still significant 
(P < .01), for schoolchildren. The indoor pollution related to 
gas stoves was a significant covariant among children. The effects 
of smoking were inconsistent. It was not possible to attribute 
the higher rates observed to any specific pollutant, since both 
SO 2 and particulate matter levels were higher in the high pollution' 
communities, nor was it possible to attribute the excesses to 
current levels of exposure or to a residual effect of previous 
higher exposure concentrations. The fact that young children did 
not follow the pattern suggests the latter. It was concluded, 
however, that current or previous exposures to the complexity of 
air pollutants in New York City was at least partially responsible 
for increased incidences of acute respiratory disease. 
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ABSTRACT. The Incidence and irferiiy of acute retplratorv 
disease was studied in families in three New York communi¬ 
ties with different ambient leveli of SO^ and particulate atr 
pollutton. Upper, lower, and total respiratory disease rates 
kn fathers, mothers, and Khool chitdreif tended fo be hifher 
k) the communitiei with higher pollution levels. IknUar 
higher rates, however, were wot observed amowf prtSchool 
.^hidreh. Itefrrsalofi wiatyies were used lo adpisl rates iw 
^■ocloecowomic status, parmtat smokbif, chronic bronchitis 
ip parents, and possibif indoor pollution residtiri| from the 
^ of a fts stove for cooking. After dieie adfustments the 
community differences were still ilfnirictfit (P < J01)» for 
^Lothookha^en. The Indoor pollution related to gas stoves 
was a signrfKant covariate among children. The tffects of 
antoking were incons i stent. It was r»ot possible to attribute 
the higher rates observed to any specific pollutant, since 
both SOj and pankubte matter levels were higher in the 
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high pollution communities, nor was it possible lo attribute 
the excesses to current levels of exposure or lo a residual ef¬ 
fect of previous higher exposure concentrations. The fact 
that young children did not follow the pattern suggests the 
latter. It was concluded, however, that current or previous 
exposures to the complexity of air pollutants in New York 
City was at least partially responsible for increaKd inci¬ 
dences of acute respiratory disease. 


THE INCIDENCE AND SEVERITY of acute respira¬ 
tory disease was studied in New York famiiiet exposed to 
different concentrations of air pollution during the V971- 
1972 school year. The study concentrated on respiratory 
infections because their high incidence and associated dis¬ 
ability ranked them as a major public health problem.* A 
number of studies in different par ts of the world have 
shown an association between the incidence of acute 
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ff>ptfaiofv (ARO) jnd exposure to eJesaicd con* 

centraiions of ambient air pollution. 

In England the incidence of ARD was found to be 
associated with «^ekl> maximum concemraiions of sulfur 
dioxide (SO,) and smoke,* (the peak 24-hr mean concen¬ 
trations of both pollutanis often exceeded 750utt'm* and 
were thus higher than those occurring since 1970 in the 
US) and in France, daily variations in SO,, smoke, and 
temperature were all observed to be a»sociatcd with the 
onset of ARD in workers,* although temperature appeared 
to be the mo^t important of these three exposure variables. 
In Ontario, Canada, hospiul admissrom tor ARD were ii|- 
nificantly correbted over a 1i2-fnonih period with an index 
of ambient air pollution based on measured concentrations 
of SO, and paruculatc.^ This association remained after 
adjustment for the effects of lempcrature. It wa* fsot pos¬ 
sible to separate the impact of SO, or particulates in any 
of these investigations, as iilnc»s was correlated with both 
factors. 

Several studies have shown associations between air pot- 
luiion concentration and ARD in children. Douglas and 
Waller* and Lunn ci al.* found higher incidences of LRD 
in children living in more pollutcd.areas of England and 
Wales, respectively. In the Utter study, rates of upper 
respiratory disease (URD) also siere increased. Roth of 
these investigations provided evidence of the importance 
of socioeconomic status as a potential confounding factor 
in such studies. Again, neither of the investigations pro¬ 
vided sufficient avrometric data to permit evaluation of 
specific types or concentrations of pollutants associated 
with the increased illness rates. A second study by tunn 
ei al.,* after a 4*yr period of improving air quality, showed 
that the differences in the incidence of respiratory illness 
were no longer signiHcant. 

In the United Sutes, rates of ARD and days of restricted 
activity,* and rates of lower respiratory disease (LRD)* 
were shown to be positively associated with measured 
annual mean levels of total suspended particulates (TSP), 
suspended sulfate (SS), and SO,. Hammer et al.** studied 
tetfospcclively the occurrence of acute lower respiratory 
disease in children 1-12 yr of age residtng in the same com- 
muni ties used in the investiption reported here. These 
authors found higher rates of croup, bronchitis, and *'any 
lower respiratory disease** among white and black children 
residing in communities with higher concentrations of par¬ 
ticulate matter, SO,, and suspended sulfate. Difference in 
family sUe, crowding, parental smoking, ^d use of ps 
stoves lor cooking could not explain the excesses. Other 
studies in the United Stairs found high correlations 
between the incidence of respiratory illness Usting 7 days 
or more among female industrial workers and sulfation 
rates/^*** and associations between daily absence rates 
among white collar workers and daily pollulion concen¬ 
trations.'* Higher rates of respiratory illness were also 
observed in children and parents living in an area with 
high NO, pollution,***'* although rvo association was 
found between weekly absence rates among elementary 
Khool pupils and weekly mean oxidant concentration.'* 
Previous studies have reported increases in ARD, par- 
tkuUrly LRD, to be associated with exposure to elevated 
ambient cor^enirations of SO^ and particuUics, but have 
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been unable to attribute the increases specirically to either 
pollutant. In most instances, the concentrations exceeded 
those that frequently occur in mttropoliun areas of the 
United States today. More recent studies have, however, 
suggested that some fractions of the TSP, possibly sus¬ 
pended sulfate, may be more important than cither SO^ 

Of TSP. 

The current study was undertaken by the UiS. Environ- 
mcnul Protection Agency in 197) as part of a maior 
effort to provide information relevant to the adL'quacy of 
Air Quality Sundards. Publication of the information hav 
been delayed because, after lengthy consideration, it wa> 
determined by the regulatory agt ney that analysis and 
interprctaiion of the data collected should be done by an 
independent group. The relevance of the dau has not 
diminished in the interim, however, since few, if any. simi¬ 
lar Studies have been undertaken since, and because air 
quality sundards have continued to be a controversial 
topic among scientists, industrialists, and environrrscnial* 
tsts. In addition, current pressures to curuil the dependence 
of the United Sutes on foreign sources of oil tend to 
intensify the need to review all available information con¬ 
cerning the potential impact of possible alternatives. 

There are two obicctivcs of the present study: (1) to 
test the hypothesis that the frequency and/6r severity of 
ARD would be higher in more polluted communities, and 
(2) to invcstiiaie the importance of other known covaria¬ 
bles-singly and in combination. These include socioeco¬ 
nomic sutus, as indicated by educational attainment of 
the head of the huusehotd or crowding in the home, as well! 
as smoking, the presence of chronic bronchitis in parents, 
and the use of gas stf)v es. 

METHODS AND MATERIALS 

Selection of study communities and participants. Two 
New York City meiropuliun communities-lhc West¬ 
chester section of Sronx and the Howard Beach section of 
Queens-were selected to represent areas with pollution 
rtsuUing from both urbanUation and industrialication, as 
these had significant concentrations of both TSP and SO,. 
Riverhead^ An eastern Long lisUnd town, was chosen as a 
**low'* pollution comparison community. Aerorrtetric dau 
gathered in 1970, showed that collectively, these three 
communities formed a pollution ••gradient’' with respect 
to particulate matter and SO,. 

Families were recruited in each area to participate in a 
prospective study of acute respiratory illness. Classroom 
lists from individual public elemenury schools identified 
candidate families and provided addresses. Each family 
from these lisu was requested to participate, arsd when 
agreement was obtained, a questionnaire pertaining to 
demographic and personal characieristlcs was administered. 
Refusal rates were very tow (< 5%), although accurate 
documenution was not matnuinedL The only restrictions 
placed on the selection of families were (a) each must have 
had at least one child in elemenury school, (b) must hav^ 
lived within 2.4 km of an air monitoring station, (c) have 
lived at the same address for at least 1 yr„ (d) have no plans 
for moving during the subsequent year, and (e) have a 
telephone in the home. Approximately 250 families were 
recruited in each area during the summer of 1971. Some 
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ortbc famihcs had aUo pariiciptlcd in a previous EFA 
study of ARD,** 

Asscj^ment of air pollution eiposure. Mooitorini sites 
«kA^c vn the lops of buildinp approximately 10 m 
jh. »» »J K u-f This was done to provide for continuity 
v^iih d.* terminal ions of exposure in previous EFA studies in 
these areas.*' The New York City Department of Air 
Resources was also monitorihg polluunu at the same sites, 
which provided useful dau for comparaiivt purposes. 

Daily 24*hr umples were collected at each site for total 
particulate matter (TSP) in high volume samplers; respir¬ 
able paniculate matter (RSP (defined as particles with a 
diameter C 3.5 pm)]! in cyclone separators; and SO, in 
bubblers analyzed by a modified West-Gaeke method 
Strips of the high-volume filters were used to determine 
concentrations of water soluble sulfates (turbidimeiric 
method rmpiusing a spectrophotometer) and water soluble 
nitrates (automated c^omctric method). 

Collection of health data. Prior lo the initiation of the 
study, interviewers were selected and pvtn 2 or 3 days of 
intensive training in methods to solicit information by 
telephone. Throughout the study, intcrvicwcTS were mon¬ 
itored regularly by the supervisor to insure that techniques 
were not altered; ihicrviewers were routed among the 
study subjects so that only on rare occasions was a family 
contacted by the sarrsc interviewer two consecutive times. 

Beginning in October 1971 and continuing for 16 con¬ 
secutive 2-wk periods, mtervkweri contacted each family 
by telephone biweekly to ask about acute respiratory ill¬ 
ness experienced during the previous 2 wk. tk'hencver pos¬ 
sible, information was obuihed from the mother or guar¬ 
dian, but on some occasions, the next of kin wav queried. 
Accurate documentation was not mainumed, but it is 
estimated that the frequency with which someone other 
Shari the mother provided infcKmaiion represented < 2% 
of the interviews. During the interview, the following 
information was collected for each member of the family: 

(a) any new illness, (b) fever, (c) respiratory involvement, 

(d) days of restriction of normal activity, (e) physician 
consultation, (f) physician diagnosis of an ear infection, 
and (g) day of onset of tymptonns. Each reported disease 
was classified as upper respiratory disease (URD) if symp- 
tCHTH were limited to head cold, sinus or post-nasal drip, 
runny nose, sore throat, or dry, nonproductive tough. The 
lower respiratory disease (LRD) classincation was assigned 
whenever symptoms included bronchitis, pneumonia, 
croup, chest cold, productive cough, or asthmatic symptoms. 

The information requested peruihed to asthmatic symp¬ 
toms because it was believed that it would be understood 
better than “whetzing.** Since any intSvidual reported ini¬ 
tially to be an asthmatic was eliminated from the analysts, 

It is r>oi believed that this question could have biased the 
ftsulu seriously. None of the ilirscsses were veriHcd clin¬ 
ically. The retiabiliiy of the dau collected was verified 
OTKe via a second interviewing of a random sample of fami¬ 
lies several days after the oripnat call. The same questions 
were asked at these re-tnterviews by an tniervitsm who 
had rtot contacted the family previously. 

Dau analysH. The first 2-wk study period was treated 
as a (kvelopmenul activity and dau were not included in 
the study. Only families who participated for 7 or more 


of the remaining 15 study periods were considered in the 
anal>vis; this poup was further divided into rrsidentially 
suble and mobile families. A stable family was defined 
ar bitrariiV as one living at the same residence for at least 
5 yr. Aral>vt were limited further to the white families, 
since the percenuges of non-whites varied from area to 
area. Comparisons were then made among the three com- 
tnunilics of URD and LRD rates per 100 person weeks for 
observations of fathers, mothers, and preschool (age D5) 
and elemenury (age 6-12) Khool children. An illness ratio 
was derived for each individual as: (number of illnesses 
reported/number of weeks of participation) X I00 » illness 
rate per 100 person weeks. Each individual had three 
disease indicators: lower respiratory illness rate, upper 
respiratory illness rate, and all respiratory illness rate. 

These individual illhess rates were used as the dependent 
variable in muliiple linear repession anaWses. 

Illness rates for poups were obuined by averaging the 
illness rates for all mdividuats within the poup. Suiistical 
sipiificance of the poup differences were determined by 
standard t tests. The average number of days of restricted 
activity, as well as the percent of illnesses prompting physi¬ 
cian visits, were also compared. 

Other factors that might affect the incidence of respira¬ 
tory illness were considered m the analyses, including 
smoking habits of parents, crowding, educational sutus, 
bronchitis in parents, and use of gas stoves. The importance 
of these factors was assessed by straiificaticm and by the 
use of multiple lirsear regression analysis. 

In the multiple repesiion analysis, a square root trans¬ 
formation was made for the illness rates-to meet more 
adequately the sutistical assumptions. Indicator (or 
dummy) variables were developed for the independent vari¬ 
ables, includingcommunit>',educatton, crowding, gas 
stove, srrK>king, and bronchitis. Analysis of variance ubict 
were constructed to evaluate the effect of each of the inde¬ 
pendent variables on the illness rates. The interaction terms 
of smoking X bronchitis, and smoking X crowding also were 
examined for their significance. These variables were tested 
by the sequential F test, with the community effect as the 
last variable to be entered in the model. The other variables 
were entered in the following order: education, crowding, 
fas stove, smoking, bronchitis, smoking X bronchitis, and 
smoking X crowding The siginificance level for the rejec¬ 
tion of null hypotheses was set at .01 (i^e., a * .01). 

The distribution of illness rates are inherently skewed 
lo the left But, the analysis of variance through multiple 
reptssion method used in thH study Is rc^ust because a 
Fixed Effect Model was adopted, and the umple sizes for 
the communities were larpc and approximauly equal. The 
square root transformation tended to reduce the effect due 
to uil-cnd cases. For a deutled discussion, see Neter and 
Wasserman*^ and Kempthrone.'* 


RESULTS 

Air pollution exposure concentrations. Among the three 
study areas, the River head populations were exposed to 
lower concentrations of all pcitiuunts than were those in 
Howard Beach and Westchester. Annual mean concemra- 
lions of TSP, as indicated by the EFA measurements, were 
about 40% of the ambient annual air quality sundar d of 
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7$ji%lrr\^ in Riverhe»d; 76% ot the sunderd in Howard 
Beach; and slightly exceeded this sundard in Wesuhesier 
(Table 1). Data coltccied by the New York Oly Depaa- 
ment of Air follution G>ntrol iug|cst that these measure- 
menu may have tysterruticaMy underesUmated the actual 
ambient exposures by 10-30%. Thi» difference is also in 
agreement with the findings of a Congressional investiga- 
live Committee.'* The sulfate andniuau mcasuremenu 
were also subieci to simitar (but smaller) errors of under- 
measurement. Table 1 also displays 90th and 95th per¬ 
centile concentrations* which show that populations were 
sometimes exposed to signiFicantly higher conemuations 
of these materials than the mean values would indicate. 

The coTKcntrations of RSP. suspended sutfau* and 
suspended niuate* generally followed the same gradient 
as did TSP; in 1971* however, the indicaud90th and 95th 
percentiles for RSP in River head exceeded those in Howard 
Beach (Table 1). Exposure to particulate pollution is likely 
to be ovtrestimaud for Westchester rrsidenu because the 
monitoring station for this area was located in a comrrter- 
ciat area having heavy motor vehicle traffic, while study 
pariicipanu lived in the adjacent residential neighborhood 


with less traffic. The Howard Beach and Rivtrhead mon¬ 
itoring stations were situawd in residential areas. 

Annual mean concentrations of SO^ (Table 1) v^re 
about 22 pt^m^ in Riverhead, 35 pg/m’ in Howard Beach, 
and 50pg/m) in Wcstchcster-still evidemt of an exposure 
gradient-but only 28%, 44%, and 63%, respectively, of 
the annual air quality sundard for SO^ of 80pg/'m>. 
Mcasuremenu of NO^ made in 1974 by an accepud 
method (arsenite) suggested that isone of the concentra¬ 
tions exceed the annual air quality standard of VOOpg/m*. 

Ikmographic and personal characteristics of study pop- 
uUtioni. United States Census dau for 1970 indicated 
that there vi^e differences in the source populations from 
which the study groups were drawn. Median annual irscome 
for the Riverhead census tracu was < $ 10,000, about 
111,000 for Wcsuhestcr,and > $12,000 for Howard 
Beach. Non-white individuals consiituud 9% of the River¬ 
head population, S% in Howard Beach, and only 1% in ^ 
Westchester. In Riverhead^ Howard Beach, and Westchesur, 
54%, 46%, and 61%, respectively, of the source population 
Older than 24-yi of age, had less than high school educa¬ 
tion. The specific study population showed similar differ- 
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47 
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encei in the characteristics rrteasured^ but usually of lest 
mafnitude (Table 2). These differences are adjusted for in 
the analyses, or are controlled by limitini the study gr^P 
to members of white stable families who were reported lo 
have no asthma, heart or lun| disease, and who reported 
no extensive occupational exposure to dusL These selec* 
lion procedures limited Che study populations to 42%, 47%v 
and 49% of the candidate study populations in Riverhcad, 
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Howard Beach, and Westchester, respectisely. 

Among the 1982 study subjects included in the analy¬ 
sis, average participation during 15 2-wk study periods was 
more than 97%, Participation exceeded 90% for tKh study 
period. 

Illness frequency and severity. In a reliability check for 
illness reporting, 95.3% of an original sample of 1.035 
individuals was reinirrviewed. In this second interview, 2 
of the 64 families originally reporting a r>ew illness, rtow * 
reported no new illness, and none of the nepthe replies 
were changed, thus Yielding a concordance of 99.6%. 

With only minor exceptions, higher rates of respiratory 
illness were reported for eKh family segment in West¬ 
chester and Howard Beach, than for those in Riverhead 
(Fig. 1). In most instances the rates for Howard Beach were 
higher than those in W'estchester, and did not conform to 
the indicated pollution gradient A larger percenuge of 
the ARD eptspdcs in Howard Beach and Westchester 
reported a physician visit than did those in Rim head, sug¬ 
gesting that the residents of the higher pollution areas, in 
addition to experiencing more illness episodes, aHo more 
often felt that an episode was serious enough lo warrant 
on examination by a physician. In Riverhcad^ the percent 
agt of total ARD associated with physician visits ranged 
from 7.62 for mothers to 17.59 (or preschool children. 

The combined data from Howard Beach and Westchester 
Indicated that the percentage for individuat family seg¬ 
ments ranged from 4.94 to 8.40% higher than those in 
Rtvtrhcad. 

The percentages of the various population segments 
oxperiefKing no respiratory illness were consistently higher 
in the low pollutiort area, and the percentages experienc¬ 
ing more than two illnesses during the study period were 
consistently lower in the tow pollution area. 'Qic occor- 
^irtnce of smoking or chronic bronchitis in parents was not 
^associaud consistently with higher rates of frspiratory iB- 
^aieu in children. 
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0.0) 

Rronchitn 

l,47J 

0.60 

4.4) 

3.99 

Rhrtrhcad vs. Howard Reach 

1,473 

0.)5 

2.16 

2.72 

Riverhead vs. hctlchcsicf 

1.473 

0.59 

0.36 

1.04 

Howard Reach vs. Westchester 

1.473 

0.36 

0.94 

0.35 

1 I 

Reression* 

7.455 

3.03 

3.S61 

4.771 

(doc at ion 

1,455 

4.33 

14.031 

16.671 

Crowding 

1,455 

O.tD 

0.16 

0.76 

Gas stove 

1,455 

0.39 

0.0T 

0.06 

Smoking 

1,455 

7.9)t 

0.04 

3.66 

Rronchiiis 

1,455 

1.03 

4.61 

4.35 1 

Rivtrhcad vs. Howard Reach 

1,455 

0.34 

3.35 

4.9) 

Rivtrhead vs. Westchester 

1,455 

0)1 

0.33 

0.9) 

Howard Reach vs. Westchester 

1,455 

0.0) 

3.0) 

145 

1 Sthoot Chitdren \ 

Regression* 

7,IM 

4.27t 

7.671 

9.431 

iducattani 

1.IM 

7.161 

3).)71 

35.091 

Craw ding 

1,111 

1.)9 

7.651 

S.69 

Gas stove 

1,g1 V 

6.76 

1.34 

4.64 

SmekMSg 

i.tu 

0)0 

4.33 

2.66 

Rronchitis 


4.53 

0.10 

I,)? 

Riverhead vs. Howard ReKh 


t.77) 

13.491 

3t.21t 

Riverhead vs. Westchester 

i,tn 

4.54 

1S.36t 

15.261 

Howard Reach vs. Wesuhesier 


0.43 

0.34 

0.55 

I frruhooi I 

Regrtsaian* 

T.gn 

>.711 

3.S6 

4.971 

Cdacalion 

1,311 

0.05 

1.14 

3.3) 

Crowding 

1,311 

16.371 

0.64 

7.67 

Gas stove 

1,3)1 

1.13 

6.S7 

9.3)1 

Smoking 

1.311 

0.0) 

0.36 

0.63 

Rfonchiiis 

U3U 

tJ9 

S.3i 

6.10 

Riverhead vs. Howard Reach 

1,311 

0.)3 

0.46 

0.05 

Riverhead vs. Wcsuhcsicr 

1,311 

3.15 

0.36 

0.33 

Howard ReKh vs. Wesuhesier 

1,3)1 

1.03 

0.02 

0.36 

•SigntficaAce indicaies aa adeaaate fit at the model; 
tSignificant at jRl IrvR (lor f ebl.TI, for 1 f >S.7 S)j 




Table 3 provider the retults of the multiple tir>ev rtfrcs* 
tion of the rates of upper and lower AR0 on education, 
crowding imoking (or parenul ynoking). bronchitis (or 
parental bronchitis), ps stove, and residence (Riverhead 
vs. Howard Bcach^Riverhcadn. Wesuhcster^ and Howard 
Beach vs. Westchester) among the four groups of study 
mdtviduals: mothers, fathers, school, and preschool chil^ 
dren. Inclusion of intefKlion terms had very little effect 
on the indicated association, of higher illness rates with 


Howard Beach and Wesuhester. In addition, the community 
effect changed very little when it was determirsed before 
or after controlling for the effect of the other factors. As 
Indicated by the significance of the value for the overall *' 
regression, the model icemi adequately fitted to the data. 
Educational attainment was an important factor in deter* 
mining ARD rates < .01). Dowding appeared as an 
Impofuni factor among children, especially for LRD 
among school children and for URO among preschool 
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children, Smokini in the family w*s shown lo be a sijnifi- 
cam variable ai ihc P<.0I level only for URD in faihcrs. 
U%c of ps stoves for cooking was associated with sipif*- 
cant {P < .01) increases in tout ARD in preschoorchildren, 
but since the number of families without ps stoves In 
Howard Beach and Westchester was very small, this con¬ 
trast must apply almost exclusively to the Riverhead popu¬ 
lation. Sutrslically sipificant (P < .01) mcreas^s in ill¬ 
nesses in Howard Beach or Westchester, when compared 
with River head, were found only among the school chil¬ 
dren, Among this group,, both Howard Beach and West* 
Chester had sipificantiy more LRD and total ARD. In 
Howard Beach srpificantty more URD was observed as 
well. 

The relative ARD attack rates derived after adiusting 
for the effect of education, crowding, smoktng. bronchitis, 
tn parents, and the sise of ps stoves for cooking (Table 4) 
agreed, in pneral, with the unadjusted dau, except for 
the preschool children^ More frepuem illness among the 
other population segments is associated with residence in 
the more polluted areas. The higher rates in Howard Beach 
ttwn in Westchester remain, but the rrupitiidc of the dift 
fetences is greatly reduced among schoolchildren, 

DISCUSSION 

The results support the hypothesis of an air pollution 
effect to the extent that incidence rates of ARD were lowrcf 
in Riverhead, the low pollution area. The data confirmed 
Ihc results of the earlier study of ARD in New York’ in 
which higher illness rates were typically observed in Howard 
Beach and Westchester. AtlHoagh most acrometric meas¬ 
urements suggested that pollutant concentrations were 
somewhat higher in Westchester than in Howard Beach, 
ARD rates did not follow this padient. 

The differences observed in the present study art of 
less rrupitude than thc^ found one year earlier and 
could represent an improvement in health status associ¬ 
ated with improving air quality. It seems more likely, how¬ 
ever, that the primary source of difference is the more 
conservative analysis method used for this report. The or>e 
arpment that might be made for the possible effects of 
improved air quality is seen in the rates for preschool chil¬ 
dren (Table 4). This poup historically was exposed to less 
pollution than were their older siblinp, and the possible 
benefit may be observed in the lower adjusted ARD rates 
for this poup in Howard Beach and Westchester than in 
Riverhead. This represents a distinct contrast to the rela¬ 
tive attack rates for the other population Kgments. The 
* results of the prospective study reported here, and the one 
conducted a year earlier, are in agreement with the retro¬ 
spective study of Hammer ei al.* that shcnvtd higher rates 
of URD to have occurred in the higher pollution areas from 
1969 through 1971. - 

Associations between air pollution and ARD might be 
affected both by the intensity of the exposure corveenua- 
lions, which must vary considerably among the individuals 
of a study population, and by the inherent susceptibility 
of each individual included in the population. The dau 
collected for this study suggest that In the high pollution 
areas, not only did the more susceptible individuals exprri- 
er^e more frequent ilinetses, but that some factor-pos¬ 


sibly air pollution-increased susceptibility in a general 
manner, so that increased percentages of the populations 
experierveed at least one illness, 

Itts possible that physician visits could relate nv>Fc to 
economic factors than to illness severity; however, it is 
believed that the selection of the specihe study popula¬ 
tions minimired this potential bias. In this regard, higher 
reported illness rates are frequently associated with Nghcr 
socioeconomic sutus, particularly as indicated bv greater 
cducatior^al attainment of the headbf household, a fair 
indicator of economic status. Riverhead ranked intermedia 
ate to Howard Beach and Wrstchettcr in this respect, ind^• 
eating no significantly lower economic sutus for the 
Riverhead study' group. 

The location of the air monitoring sution adjacent to a 
roadway with heavy traffic could have increased the quant 
tities of air pollution (particularly TSP) collected at the 
Westchester site and explain to some extent why illness 
rates did not follow the indicated pollution gradtent. Data 
to support this speculation are rsot available, however. 

factors other than air pollution that might have infiu- 
cfKcd the incidence of respiratory illness were examined. 
These included smoking, other indc>or pollution, occupa¬ 
tion, socioeconomic status, climate, and bronchitis in 
parents. 

Smoking in the family was not identified as an impor¬ 
tant variable, but was controlled in the regression analysis. 
Other indoor pollution, possibly NO^ produced by the 
combustion of gas in cooking stoves might have caused 


Table 4.-ltelaitvt ARD Attact Ram Derwtd after Adiuumern 
far Education. Dawding, Srr»aktrig. iranchitit In Rarentt and IHt 
af Cat Slopes 



URD 

tRO 

Taial ARD 

mothtrs 

River head 

1.00 

1.00 

t.OO 

Hawartf Reach 

0.7T 

1.21 

1.11 

Wcsicheilcr 

1.11 

1.0$ 

I.Oi 

1 ftthtn 

Riverhead 

1.00 

t.OO 

1.00 

Haward Reach 

0.91 

1.21 

1.1* 

WcMchesicr 

1.07 

1.09 

1.09 

1 chitdrrfi 

Riverhead 


1.00 

t.OO 

Na»vd Reach 

1.17* 

I.H* 

t.27* 

Wcsichetter • 

1.09 

t.>4* 

1.22* 

1 AtKAoWrArTpren 

Riverhead 

t.00 

1.00 

1.00 

Howard Reach 

0.99 

O.IS 

0.19 

Wesuhtsuf 

T31 

O.ll 

1.02 


•^<.01 
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iftcrci»ck m rcspirjiofy illnesi,*® but thiv factor was also 
ct^iiulWd b> ibc rcipcssiori analysis. Occupational expo- 
^rc wa> nut thousht to be important, since persons with 
puicntialK signiHcant occupational exposure (4^^ of study 
tnJividujIs) w'ere eliminated from the study population 
after ihv initial interview. There were differences between 
study communities on socioeconomic status as indexed by 
crowd>r>^. however, the refression analysis was adiusicd 
lor this factor, and indicated that it was important only 
among the two poup> of children. An effort to control 
Climate as an important factor prompted the selection of 
communities in the same gco^aphtc region. Annual mean 
rainfall did not differ among communities, but annual 
mcan icmpcraturcs were one of two degrees lower in River- 
tscad than in the other studs commuttiiks.^' 

Finally, although the mulls ot this study are suppor¬ 
tive of an aif pollution effect, the possibility that there 
nuy be other sicrsificani urban factors cannot be igrvorcd. 
Riverhead is farther from the center of lht‘ New York City 
mcirupuliian area than are the other areas, and is, con- 
wquenily, the least urban of the study sectors, ft is possible 
that lifestyle factors associated with less urban stress reduce 
the reported incidence of ARD. This study was not designed 
to evaluate this variable as a risk factor for ARD. Census 
data did show differences among the source populations 
from which the study groups were drawrt.*^ It must be 
emphasifcd, however, that idte study populations were 
Klccud groups and therefore not comparable lo the census 
tract populations. 

If community differences in air pollution levels were 
responsible for the observed higher rales of ARD in Howard 
Beach and Westchester, the relative excess attributed to air 
pollution appears to be almost as Urge among adults as 
among children. 

Since the levels csf air pollution exposure in Howard 
Beach and Westchester during the period of this study 
«i«re probably below the U.S. primary air quality standards, 
it might be concluded that adverse health effccu still occur 
in areas where air standards are no longer exceeded. The 
authors do not believe that this conclusion K warranted. 
First, as previously mentioned, the values of particuUte 
air pollution leported in Table t underestimate by 10-30% 
the particulate pollution measured at the ume place by 
the Ideal New York City air monitoring r>etwork. Second, 
the reading of SO^ obtained by the standard West-Gaeke 
methiad have recently been shown lo be affected by 
temperature extremes and by the time interval between 
sample collection and analysis.^ These other variables 
were not recorded during this sftidy. In the opinion of the 
authors, the numerical data for air quality, given in Table 
1, are useful in demonstrating that there were quantitative 
differences in ambient air quality between the three study 
areas. But shortcomings in the quality of these dau pre¬ 
vent the attributingof observed disease excess lo any 
absolute values fur these pollutants. Furthermore, not alt 
potentially imporunt aif pollutanu were monitored, e.g., 
photuchcmical oxidants. Since allmeasured polluunu 
were shown to have higher levels in Howard Beach and 
Westchester than in Riverhead, it b not possible to atuibuie 
disease excess to any orse of the polluunts exclusively, if 


indeed the effect can be atiribuublc to measured air 
pollutjnu. 

Eisenbud documented a dramatic fmprovcmcni in air 
qujlity in New York Cilv between 1965 and 1972,^ as 
measured in terms of SO, and particuUte mailer conccn- 
uations. It is possible that, if ambient air putiutjon was 
responsible for the observed ARD excess in Howard Beach 
and Wcuchcvicf, the ducumenution of thivexcess during 
the 197M 972 school year might be evidence of a rcviduat 
effect of the high pollution levels that existed from 1965- 
1968. The Uck of evidence of a communUy effect among 
preschool children in ihiv study supporu the suggestion 
that current: exposures were rsol hazardous. 

The authors conclude that some of the observed excess 
ARD in Howard Beach and Westchester is attribuuble to 
the complex urban air pollution of New York Ciiv;;othcr 
potential risk factors have been considered and were con¬ 
trolled in the jnalysiv. It b rccugnifcd. however^ that the 
conclusion aboutair pullulion may be confounded by 
lifestyle differences between the highly urbanized Howard 
Beach and Westchester comrrxjnities and the *'small town" 
cnvironrTwni of a community on eastern Long Kiand; We 
also cannot attribute the observed ARD excess to the 
aknolutc levels of air pollution recorded during the study. 
We believe that a follow-up study of these populations is 
warranted, now that the air quality of the region has 
reached a relative pUteau during the past 6 to 8 yr. Like¬ 
wise, the technology now exists to monitor persona! «ir 
pollution, and such data would be extremely useful in 
diminishing some ol the bias due to miscUsvification of 
exposure sutus that invariably affects epidemiologic stud¬ 
ies of community air pollution. 
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